Inadequate flexible endoscope reprocessing has been associated with infection outbreaks, most recently caused by carbapenemresistant Enterobacteriaceae. Lapses in essential device reprocessing steps such as cleaning, disinfection/sterilization, and storage have been reported, but some outbreaks have occurred despite claimed adherence to established guidelines. Recommended changes in these guidelines include the use of sterilization instead of high-level disinfection or the use of routine microbial culturing to monitor efficacy of reprocessing. This review describes the current standards for endoscope reprocessing, associated outbreaks, and the complexities associated with both microbiological culture and sterilization approaches to mitigating the risk of infection associated with endoscopy.
M
edical devices are used for a variety of diagnostic, surgical, and therapeutic needs in clinical practice. Devices may be used on a single person (single use) or on multiple people over time (reusable) . Reusable devices require reprocessing to render them safe for handling, use on new patients, or disposal. For gastrointestinal (GI) endoscopic devices, this process constitutes cleaning, high-level disinfection (HLD) or sterilization, and drying (when appropriate), in accordance with the manufacturer's recommendations ( Fig. 1) (1). The standards relating to device reprocessing, including of GI endoscopes, in the United States are developed by the American National Standards Institute (ANSI) and the Association for the Advancement of Medical Instrumentation (AAMI) and provide detailed requirements for each of these steps (2, 3) .
Certain flexible GI endoscopes, called duodenoscopes, including those used for endoscopic retrograde cholangiopancreatography (ERCP; a specialized technique used to diagnose and treat diseases of the biliary/pancreatic ductal systems) and endoscopic ultrasound (EUS), are challenging to adequately reprocess. This is because these models have a complex design with internal and often interconnecting channels (Fig. 2) , working parts, ports/connectors, and a variety of accessories necessary for use of the device (4) . Duodenoscopes feature a specific channel that allows the manipulation of a guide wire; at the terminal end of this channel is a cantilevered elevator mechanism that is used during procedures to manipulate and control the direction and fine movements of accessories inserted and passed through the endoscope's accompanying instrument channels. The elevator wire mechanism is difficult to access and not readily amenable to cleaning and HLD (5) .
Several outbreaks of patient infections have been reported following procedures with flexible endoscopes. Until recently, such outbreaks were associated with lapses in essential reprocessing steps, such as incomplete cleaning, lack of appropriate disinfection, improper drying, or cross-contamination between clean and dirty devices (4) . However, outbreaks caused by carbapenem-resistant Enterobacteriaceae (CRE) have since been reported where no particular lapse in the reprocessing procedure was identified, bringing into question the safety of standard reprocessing practices for these reusable devices (6, 7) . At least two strategies have been proposed to mitigate the risk of transmission of CRE and other microorganisms via GI endoscopes: (i) routine sterilization (as opposed to HLD) of endoscopes between patients, and (ii) culturing endoscopes for CRE and other bacteria after reprocessing, to ensure safety prior to use. This article will review the current standards for GI endoscope reprocessing, associated outbreaks, and the strengths and limitations of sterilization and culturing strategies.
CURRENT STANDARDS FOR PROCESSING OF GI ENDOSCOPES
Guidelines and standards for GI device reprocessing worldwide are based on the Spaulding classification, and in the United States, the applicable standards are published by ANSI and AAMI (2) . In the Spaulding scheme, reusable medical devices are classified according to the risk to patients from microbial contamination (8) . "Critical" devices are those that contact sterile areas of the body, including the vascular system, "semicritical" devices only contact mucous membranes, and "noncritical" devices only come in contact with intact skin. Many GI endoscopes are designated semicritical but may become critical depending on the procedure, for example, the use of a GI endoscope to investigate internal bleeding or to obtain a biopsy specimen.
Reprocessing of both critical and semicritical devices is ideally performed by precleaning (i.e., wiping the insertion section of the endoscope and flushing the air/water channels with water and air immediately after use, in the procedure room) and then cleaning (i.e., brushing to remove gross contamination, washing ports, and flushing channels with a detergent solution and then rinsing), followed by sterilization. Meticulous cleaning (using detergentbased formulations that often include enzymes to aid in soil breakdown/removal) followed by HLD has also been an acceptable practice for semicritical devices and is the most widely used method for reprocessing these devices worldwide (1). The difference from sterilization, according to U.S. Food and Drug Administration (FDA) definitions, is that sterilization completely inactivates all microorganisms, whereas HLD inactivates most pathogens (including vegetative bacteria, viruses, and fungi) and achieves a 6-log 10 kill of an appropriate Mycobacterium species (1, 2, 8) . Thus, cleaning followed by HLD of semicritical devices is expected to remove or inactivate most pathogenic organisms, with the exception of bacterial spores, and prevent transmission of infection. However, this is a matter of some debate, for example, as to whether it can lead to the potential transmission of Clostridium difficile spores or other pathogens between patients via HLD-reprocessed endoscopes such as colonoscopes (4).
In the United States, chemical high-level disinfectants must be cleared by the FDA prior to use, including the written instructions for their use (9) . Clearance includes demonstration of antimicrobial activity against vegetative bacteria, viruses, fungi, and the more resistant bacterial endospores (although in the latter case, this is often achieved over extended exposure times not used in clinical practice) by standardized test methods. Chemical highlevel disinfectants typically contain one of two types of biocide: aldehydes (such as glutaraldehyde and ortho-phthaldehyde [OPA]) or oxidizing agents (such as hydrogen peroxide and peracetic acid). HLD is achieved by immersion of the device and all accessories in the disinfectant under conditions specified in the cleared labeling. The device must then be rinsed (ranging from 1 to 6 times, depending on the disinfectant) with water to remove residual toxic biocide. Untreated tap water is often used for this step, which poses the risk of recontamination. Following rinsing, the device is dried, including the use of alcohol to ensure that internal channels are dry, prior to clinical use or storage. The steps involved in the HLD process can be performed either manually or by an automated endoscope reprocessing (AER) system, which are increasingly common.
PROBLEMS WITH ENDOSCOPE HLD
Inadequate control of the steps involved in cleaning and HLD processes has been linked to patient infections and other complications (4) . Audits of reprocessing practices have identified lapses at each stage of the process (Fig. 1) organisms from the disinfectant), inappropriate preparation of the disinfectant, inappropriate contact temperature and time, insufficient exposure of the device to the disinfectant (e.g., not immersing all parts or failing to flush internal lumens with the disinfectant), cross contamination during water rinsing, failing to store the reprocessed and dried device in a clean area to prevent recontamination, and overgrowth of bacteria/fungi during storage of wet devices.
centers across three states identified 28% that failed to follow recommended reprocessing procedures (10) . Similarly, reprocessing lapses reported in North America between 2005 and 2012 resulted in over 33,000 patients being exposed to improperly reprocessed endoscopes (11) . The use of AER improves compliance with reprocessing procedures. One prospective study across 5 centers found that only 1 of 69 (1.4%) endoscopes were reprocessed properly by manual methods, whereas 86 of 114 (75.4%) were reprocessed according to protocol when an AER was used (12) . However, the improvements seen with AER use are dependent on appropriate operation and maintenance of the AER. Furthermore, not all models of AER use inclusive safety checks, such as specific reprocessing failure alarms.
Critical to the success of HLD is adequate performance of both precleaning and manual cleaning of the device prior to HLD treatment ( Fig. 2) (4) . After use, GI endoscopes have an incredibly high burden of bacteria (10 5 to 10 10 CFU/ml), and manual cleaning can help remove much of this (13) . Remnant biomatter can shield microorganisms from the effects of thermal and chemical antimicrobial treatments (9) and provides an opportunity for biofilm development, particularly when devices (and associated internal lumens) are not stored under dry conditions (14) . Biofilms have been visualized by electron microscopy on the inside of biopsy and air/water channels of used GI endoscopes (15) . To mitigate the formation of biofilm, appropriate precleaning (wiping and flushing with air and water) immediately after use is necessary to prevent residual organic material from drying and solidifying in the endoscope. Once biofilm is formed, its disruption requires physical removal by manual and/or chemical processes, and not all channels are accessible to brushes for manual biofilm disruption. The formation of biofilm is enhanced if surface defects, either from manufacturing or from damage due to passing forceps through the channel, are present (4).
Some outbreaks (or pseudo-outbreaks) have occurred that were due not to lapses in reprocessing steps but, rather, the development of bacterial resistance to aldehyde-based disinfectants (2) . The most significant such outbreaks to date were those caused by isolates of Mycobacterium resistant to glutaraldehyde (16) . Resistance in these isolates was proposed to be due to reduced expression of the Msp cell wall porin, which also confers antimicrobial resistance in these isolates (17) . Further studies have reported the isolation of a range of mycobacteria (including Mycobacterium avium and Mycobacterium chelonae/abscessus complex isolates) from AERs following disinfection with OPA. These isolates demonstrated stable resistance to OPA at concentrations used during HLD (18) . In addition, an outbreak of endoscope-associated Pseudomonas aeruginosa infection has been attributed to a glutaraldehyde-resistant isolate (4). To date, such aldehyde-resistant isolates remain susceptible to the activity of oxidizing agents (18) . It is important to note that CRE associated with endoscope outbreaks appear to be effectively and rapidly inactivated by high-level disinfectants, as expected from labeled claims for these biocides.
INFECTIONS ASSOCIATED WITH GI ENDOSCOPY
Infections associated with the use of contaminated GI endoscopes have been documented for over 30 years. These include infections caused by bacteria (in particular, Salmonella serovars, multidrugresistant Enterobacteriaceae, Mycobacterium spp., and Pseudomonas aeruginosa, the latter two of which are associated with contamination of AERs), viruses (hepatitis B virus and hepatitis C virus), parasites (Strongyloides stercoralis), and fungi (Trichosporon spp.) (4, 19) . Many of these infections were associated specifically with bronchoscopy and ERCP. In the case of ERCP, this is likely due to the complex physical design of the duodenoscope, coupled with the invasiveness of the procedure and the susceptibility of the host anatomy (e.g., the presence of biliary tract obstruction or tissue injury). Some models of duodenoscopes have been redesigned to enclose the elevator wire channel and mitigate this risk, but infections associated with these duodenoscopes continue to be re- ported (6) . Transplant recipients and patients with neoplastic disease or immunosuppressive treatment are at increased risk for post-ERCP infections, which in these hosts are associated with severe infectious complications, including sepsis, ascending cholangitis, liver abscess, acute cholecystitis, infected pancreatic pseudocyst, and occasionally, endocarditis (4) . Mortality associated with post-ERCP sepsis is as high as 29% (19) . For these reasons, while antibiotic prophylaxis is not recommended for all patients prior to ERCP, it is used for high-risk patients, including liver transplant recipients and those with suspected biliary obstruction with the possibility of incomplete biliary drainage (19) .
Overall, the risk of infection associated with GI endoscopy is reported to be 1 in 1.8 million (8) . This number was derived from review of the literature in 1993, at which time only one report of endoscopy-associated infection was present in the medical literature (4). More recent data suggest this risk is vastly underestimated, due to underreporting of cross-contamination, infection, and other adverse patient reactions in the peer-reviewed literature and lack of detailed surveillance for postendoscopic infections (20) . In part, this may be because post-GI endoscopy infections are commonly attributed to translocation of the patient's endogenous flora, unless the organism is unusual (e.g., Salmonella) or multidrug resistant (4) . Nonetheless, more recent reports demonstrate higher rates of GI endoscopy-associated infection. For instance, a survey of 116 U.S. hospitals reported a 6% postendoscopy infection rate (21) , and recent CRE outbreaks have demonstrated rates of 23 to 38% infection and/or colonization with this organism post-ERCP (6, 22) .
The recent emergence of CRE and reports of its transmission via GI endoscopy (19) have led to enhanced scrutiny of infection control issues in the United States. The first widely reported CRE outbreak associated with GI endoscopy in the United States occurred in Chicago in 2013. In this outbreak, 38 patients acquired a New Delhi metallo-beta-lactamase (NDM)-producing Escherichia coli strain following ERCP performed at a single hospital (6) . Ten patients had clinical infections, and 28 were identified as colonized by rectal surveillance cultures. The NDM-producing E. coli strain was isolated from the terminal end of the ERCP duodenoscope, along with a KPC-producing Klebsiella pneumoniae strain. No infections were associated with the latter organism (6) . While no clear lapses in reprocessing procedures could initially be identified (6), inspectors later reported that off-label brushes and detergent products were used by the facility during reprocessing (http://www.hospitalinspections.org/report/3413), which may have contributed to the outbreak.
Similar ERCP-associated outbreaks in Seattle (35 patients affected) (7), Pittsburgh (18 affected), and Los Angeles (8 and 2 patients affected at two separate facilities) have since been reported in the popular media; in some instances, no lapses in reprocessing could be identified. Equally, during many of these outbreaks, despite epidemiology that strongly implicated the use of duodenoscopes as the source of the outbreak, outbreak strains could not be isolated by cultures from the duodenoscopes. This may suggest periodic rather than continual lapses in reprocessing requirements. Between January 2012 and May 2015, 12 reports of CRE outbreaks associated with GI endoscopy were filed with the FDA's Manufacturer and User Facility Device Experience (MAUDE) database (https://www.accessdata.fda.gov/scripts/cdrh /cfdocs/cfmaude/search.cfm), and several more have been reported in the literature (19) . In March 2015, the FDA specifically released a Medical Device Safety Communication to announce that one manufacturer of ERCP devices had validated new reprocessing instructions for model TJF-Q180C duodenoscopes, a model that was associated with reports in the MAUDE database. Specific new recommendations include raising and lowering of the elevator three times during precleaning immersion in water, the use of two different-sized brushes and additional brushing of the forceps elevator recess area during manual cleaning, and additional flushing steps and increasing flushing volume of each endoscope channel and elevator recess area (http://www.fda.gov/MedicalDevices /Safety/AlertsandNotices/ucm439999.htm). It is, however, important to note that outbreaks have been associated with devices from all three major manufacturers of GI flexible endoscopes.
The apparent increase in the incidence of CRE transmission via endoscopes is likely due to the progressive expansion of CRE across the United States and increased reporting criteria. As the incidence of CRE increases, the risk of an infected or colonized patient undergoing a GI endoscopy procedure, with subsequent transmission of the organism to other patients via an improperly reprocessed endoscope, increases. To this point, some outbreaks of CRE associated with ERCP were only identified because the mechanism of carbapenem resistance was unusual, as was the case for the NDM-1 Chicago outbreak (6) and the recent OXA-232 UCLA outbreak (R. M. Humphries, unpublished observations). Because post-ERCP infections can manifest weeks or even months after the procedure, including after the patient has been discharged from a facility, the extent of CRE transmission via duodenoscope is likely underreported (6, 22) . Confounding the issue of identifying a potential CRE outbreak is the fact that patients exposed to the organism during GI endoscopy may become colonized but not develop a clinical infection (6) . Few institutions in the U.S. routinely screen patients to identify unrecognized colonization, despite a CDC recommendation for control of CRE (www.cdc.gov/hai/organisms/cre/cre-toolkit/f-level-prevention. html#facility-surveillance). In part, this is because there are no FDA-cleared tests or well-validated procedures by which to perform patient screening for CRE colonization. Chromogenic media have been used for detection of carbapenem-resistant Enterobacteriaceae in rectal and perirectal swabs (6) . However, these are not cleared by the FDA and at the time of this writing, the two media used previously in the United States (HardyCHROM and bioMérieux ChromID Carba) were not commercially available.
PREVENTING OUTBREAKS: STERILIZATION OF GI ENDOSCOPES
Some reports have suggested sterilization of GI endoscopes as a means by which to interrupt outbreaks of infection, including CRE, transmitted by endoscopes. This strategy was successfully employed by the Chicago hospital that underwent the NDM outbreak (6) and at UCLA. Sterilization processes must achieve a defined set of requirements to be cleared for use in the United States and to meet international requirements. These include requirements for sporicidal activity, process control, and a defined sterility assurance level of 10 Ϫ6 (i.e., a Յ1 in 1,000,000 chance of a nonsterile device) (9) . Low-temperature (nonthermal) sterilization, which must be used for endoscopes to prevent damage, can be achieved through ethylene oxide gas, hydrogen peroxide gas, ozone, or a peracetic acid-based liquid chemical sterilization process (1, 2). Ethylene oxide gas is the most widely used industrial sterilization method (9) but is rarely performed today in hospitals due to toxicity concerns for staff and patients. Ethylene oxide is flammable and explosive at or above 3% air and is toxic and carcinogenic. The use of ethylene oxide gas for sterilization of medical devices requires exposure of devices to the appropriate gas concentration under controlled temperature and humidity conditions. While this process itself can take a few hours, further aeration of the devices is required to ensure that toxic residuals are removed, which can take 16 h or longer, a process commonly referred to as "degassing." This delay results in turnaround times of 24 to 48 h, depending on whether the process can be done locally or if duodenoscopes must be shipped to outside vendors for this ethylene oxide treatment. Such delays will require that institutions purchase additional duodenoscopes, at significant cost to the institution. Despite past recommended use of ethylene oxide for duodenoscopes and other GI devices, concerns have been raised recently regarding patient toxicity and damage to devices associated with frequent ethylene oxide treatments. Most duodenoscopes are only under warranty for a finite number of sterilization cycles, typically less than 50, depending on the endoscope manufacturer. In addition, as is the case for HLD, meticulous cleaning of the endoscope is required for ethylene oxide treatment to be effective (23) .
Alternative agents for sterilization, such as hydrogen peroxide gas or ozone gas, have not been cleared at this time by the FDA for use on duodenoscopes. A final option is liquid chemical sterilization, using a formulated peracetic acid solution under temperature control. This process requires a controlled and extensive water-rinsing phase to reduce the risk of cross-contamination from bacteria, viruses, or protozoa. Liquid chemical sterilization has the added benefit of being rapid, with a typical cycle time of Ͻ30 min. However, unlike the gas processes where devices are sterilized in a package that can maintain sterility during storage, liquid chemical-sterilized devices can only be assumed to be sterile immediately following removal from the processor and must be used as soon as possible with appropriate aseptic handling.
PREVENTING OUTBREAKS: ENDOSCOPE SURVEILLANCE CULTURES
An alternative (or combined) method suggested to curtail the risk of GI endoscopy-associated infections is the use of surveillance cultures to assess the adequacy of endoscope reprocessing. Current U.S. guidelines do not endorse the routine use of post-HLD surveillance cultures (8) , although this practice is recommended in some European, Australian, and New Zealand guidelines (24) . A draft method for intermittent culturing of flexible endoscopes as part of the overall quality assurance program was recently suggested by the CDC (http://www.cdc.gov/hai/organisms/cre/cre -duodenoscope-surveillance-protocol.html), as well as by the ECRI Institute. Such surveillance cultures are performed weekly to annually, and the results are used to assess endoscopy technician staff competency, as well as to identify problems such as process lapses or device damage. Note that current U.S. guidelines require that only individuals who can read, understand, and implement reprocessing instructions and meet annual competency standards on the proper cleaning and high-level disinfection of endoscopes be given the responsibility for reprocessing (8) . If cultures yield unacceptable results (variably defined, as shown in Table 1 ), the endoscope is reprocessed a second time, and a second set of cultures is performed. This cycle continues until endoscope cultures return negative. In addition, remedial action should occur, including review of reprocessing practices with appropriate retraining as needed, if surveillance cultures are positive. Approaches for handling patient notification following a positive culture vary from center to center. Some in- Weekly test of rinse water used postdisinfection (e.g., from AERs) Total microbiological count (in 100 ml) and detection of special pathogens In 100 ml: (i) Ͻ1 CFU, satisfactory; (ii) 1-9 CFU, acceptable, but consider identification; (iii) 10-100 CFU, risk assessment and investigation required (including identification of organisms); (iv) Ͼ100 CFU, remove device from service 32 a Refer to text for description of high-and low-risk organisms.
stitutions have taken surveillance cultures a step further and perform cultures after every endoscope use. In these institutions, endoscopes are quarantined until the cultures return negative, typically 48 h later. As is the case for ethylene oxide sterilization, this delay may require that an institution purchase additional duodenoscopes. There are many limitations associated with implementing endoscope culturing protocols at this time, including the lack of standardized endoscope sampling techniques, culture methods, and interpretations for culture results (24) . There are no data that demonstrate the overall sensitivity of endoscope culturing. As was mentioned above, in several of the ERCP-associated CRE outbreaks, the offending organism could not be isolated from the implicated duodenoscopes by culture. For this reason, the use of endoscope cultures can never replace meticulous adherence to endoscope manufacturer reprocessing protocols and recommended quality control processes (2, 3), nor should receipt of a negative culture from an endoscope under investigation as part of an outbreak rule out endoscopy-based transmission. Similarly, a negative culture does not indicate that the endoscope is sterile.
Experience from Australia and New Zealand, where duodenoscopes are cultured every 4 weeks, found that only 6 of 1,468 (0.3%) GI endoscope cultures performed over a 5-year period at a single center yielded a positive result (25) . In contrast, approximately 5% of cultures at Virginia Mason Medical Center, where duodenoscopes are cultured after each use following HLD by AER and drying, yielded a positive result (V. Punam, personal communication). Up to 15.5% of cultures were reported positive at a third center when typical environmental microorganisms were included in the interpretation of a positive result and cultures were taken after overnight storage of endoscopes (26) . No protocols exist to date that evaluate the presence of viruses, parasites, or mycobacteria on endoscopes; instead, current protocols rely on the presence of mesophilic bacteria as an indicator for improper reprocessing.
The CDC interim protocol is a modification of the flushbrush-flush technique published in ASM's Clinical Microbiology Procedures Handbook (CMPH), 3rd edition (27) . The main modifications to the CMPH protocol include the use of centrifugation versus membrane filtration to concentrate fluids collected during endoscope sampling, but membrane filtration is still an acceptable practice. In addition, the CDC recommends the use of Tween-phosphate-buffered saline (PBS) as opposed to PBS, which is thought to improve the recovery of bacteria from endoscope surfaces (although this has not, to date, been validated and other test protocols recommend the use of sterile distilled water). One concern regarding this protocol is that residual disinfectants, in particular aldehyde-based disinfectants that can be hard to remove from device surfaces during rinsing, may be present on devices and inhibit bacterial growth in culture (B. Tanner, personal communication). For these reasons, a biocide neutralizer may need to be incorporated (e.g., OPA residue can be neutralized with the addition of glycine). It is important to note that the presence of residual disinfectants should be a further concern, as it would show a significant lapse in following the reprocessing instructions in relation to device rinsing (14) . This is often underestimated, with many reports in the literature highlighting patient toxicity events related to the lack of adequate rinsing of devices following aldehyde-based disinfection; rinsing can often require up to 6 defined rinsing steps in accordance with the validated instructions of the disinfectant manufacturer. The CDC protocol requires that duodenoscopes go through HLD a second time after culturing, prior to patient use.
For interpretation of cultures, the CDC recommends division into so-called "high-concern" bacteria (Staphylococcus aureus, Enterococcus spp., Streptococcus sp. viridans group, P. aeruginosa, Klebsiella spp., Salmonella serovars, Shigella spp., and other enteric Gram-negative bacilli) and "low concern" bacteria (coagulase-negative staphylococci, micrococci, diptheroids, Bacillus spp., and other Gram-positive rods). The presence of any highconcern bacteria should be interpreted as a positive culture, whereas low numbers (e.g., Ͻ10 CFU/ml) of low-concern bacteria may be expected and is interpreted as negative. Other countries have also defined interpretations for cultures, and these are listed in Table 1 .
QUALITY CONTROL INDICATORS
At best, device culturing may be a useful quality control indicator but only as one part of a quality control process at any device processing facility or area. This is highlighted in the various processing standards and guidelines (2) . A good start is to conduct a risk analysis during the development of local protocols. Important risks to consider are related to human factors, due to the importance of manual handling or reprocessing steps associated with these devices (such as manual cleaning). Therefore, close attention to training, competency demonstration, and periodic auditing of processing staff is essential. Specific quality control checks are available and even mandated in the labeling of products (such as disinfectants and sterilization processes) and associated processing standards. These checks can include a variety of physical, chemical, and even biological tests. For example, for disinfectants, confirmation of temperature, exposure time, and use of test strips or chemical monitoring devices that verify disinfectant concentration can be used. For sterilization methods, quality assurance checks can include physical measurements specific to the process (e.g., temperature, pressure, and time), as well as chemical and biological monitors. In recent years, there has been a greater focus on the importance of monitoring cleaning effectiveness (2, 3) . Approaches to monitoring this include simple physical measurements, such as the dilution method for cleaning detergents, temperature, and contact time, but also a need for stringent visual inspection of the device following cleaning. Due to the subjective nature of visual assessment, it is recommended that biochemical methods are used to confirm cleaning. These include the detection of residual tissue markers, such as protein, hemoglobin, carbohydrate, or ATP (2). It is important to remember that all of these methods are indicators that a cleaning process has been performed but not of whether a device is truly clean or not. The most popular methods in health care facilities are simple swab-based tests that can be used directly on the device following use. Other methods require the use of fluorescent markers applied to device surfaces, followed by scanning; it is important to note that in these cases, the device may need to be recleaned prior to further processing or patient use due to the risk of dye-associated toxicity to patients. Protein detection is a particularly reliable marker, as it is an indicator of patient soil contamination, and it is recommended for device cleaning validations prescribed in international/national standards (28) . ATP detection methods have also become popular clean-ing tests, but it is important to note that they are not reliable for the detection of microbial contamination on surfaces (29) ; it is estimated that 10 4 to 10 5 viable bacteria can be present but still provide a negative ATP result using these test kits. At this time, there are no reliable, rapid alternatives to the detection of microorganisms on device surfaces by traditional extraction and culturing.
CONCLUSIONS
Reprocessing of reusable medical devices is an essential but often underestimated part of infection prevention strategies in health care facilities. Recent outbreaks associated with the contamination of CRE on flexible GI endoscopes have highlighted these concerns. Lapses in essential processing steps, such as precleaning, cleaning, disinfection, and adequate storage, have been associated with many such outbreaks but not all. As such, standard cleaning followed by HLD may not fully mitigate the risk of transmission, due either to periodic lapses in reprocessing steps, difficulty in applying these steps to specific device designs, or the fact that some current procedures inadequately disinfect duodenoscopes. As such, a higher standard is required for reprocessing, such as close inspection of cleaning and HLD effectiveness by periodic endoscope culture or other means, or sterilization. However, these proposals are without limitations, and patient risks may also be reduced by improvements in endoscope design.
